In recent years, the implementation of safety management has been increased in construction projects by institutions, and many companies have recognized environmental and social effects of injuries at project work systems. In this regard, a novel decision model is presented based on a new version of complex proportional assessment method with last aggregation under a hesitant fuzzy environment. The decision makers (DMs) assign their opinions by hesitant linguistic variables that are converted to the hesitant fuzzy elements. Also, the DMs' judgments are aggregated in last step of decision making to decrease information loss. Since weights of the DMs or professional safety experts and evaluation criteria are not equal in practice, a new version of hesitant fuzzy compromise solution method is proposed to compute these weights. In addition, the criteria weights are determined based on proposed hesitant fuzzy entropy method. A real case study in developing countries about the safety of construction projects is considered to indicate the suitability and applicability of the proposed new hesitant fuzzy decision model with last aggregation approach. In addition, an illustrative example is prepared to show that the proposed approach is suitable and reliable in larger size safety problems.
Introduction
In recent years, safety management has been taken into account so that many organizations have tried to apply it in order to prevent injuries, accidents and other adverse results as the main objective. In fact, it has been implemented by different companies in the various industries, in which their processes and structures are related to safety of the operations. In addition, the safety management has been applied in a number of industry sectors such as civil aviation [1] [2] [3] , maritime industry [4, 5] , railway industry [6, 7] , manufacturing industry [8] [9] [10] and construction projects [11] [12] [13] [14] [15] .
To cope with the issue, selecting the potential alternatives (e.g., construction-project work systems) versus conflicting safety evaluation criteria is a difficult decision problem, in which the multi-criteria decision-making (MCDM) methods, such as preferences selection index (PSI), analytic hierarchy process (AHP), and technique of order preference by similarity to ideal solution (TOPSIS), could be applied to properly evaluate safety problems by considering the risk issues. In this respect, Schinas [16] surveyed the utilization and application of the MCDM methods in the safety assessment and showed that in this area only a few studies considered the MCDM methods for safety problems. Fazil et al. [17] presented a multi-criteria decision-analysis approach to select the food safety intervention among the balancing different criteria. Jozi and Pouriyeh [18] utilized the AHP method for evaluating risks in Yazd combined cycle power plant. Mangalathu et al. [19] used the AHP method to solve the safety of operations related to LPG-base gas furnace.
In many complex MCDM problems, decision makers (DMs) or professional safety experts' opinions are not defined by crisp values in the safety management. Thus, most of the evaluations of potential safety alternatives or candidates could be regarded as imprecise/uncertain conditions. The fuzzy sets theory, first formalized by Zadeh [20] , is a powerful tool that can help the DMs or managers in the safety management to overcome the uncertain conditions. Therefore, utilizing the classical fuzzy sets theory and their extensions could be attractive tools for researchers to solve the safety problems under imprecise situations in practice. Moreover, considering the fuzzy information in procedure of developing a decision-making method could appropriately deal with the available imprecise information in the real cases. Recently, Kahraman et al. [21] investigated the latest status of fuzzy MCDM methods and classified these fuzzy methods to fuzzy multi-attribute decision-making (FMADM) and fuzzy multi-objective decision-making (FMODM) approaches. In addition, they surveyed the most utilized fuzzy MCDM techniques by analyzing the publishing frequencies regarding to years, the most cited papers, and journals publishing them.
Regarding the literature of safety problems, Bao [22] proposed a hierarchical TOPSIS method under a fuzzy environment to combine individual safety performance indicators for a set of European countries into an overall index. Mojtahedi et al. [23] simultaneously considered project risk identification and assessment by applying multi-attribute group decision-making technique based on the health, safety and environment (HSE) factor in gas refinery plant construction. Mousavi et al. [24] focused on an approach for handling risks of large engineering projects by considering the concept of safety based on nonparametric resampling with interval analysis. Khorasani et al. [25] utilized the simple additive weight (SAW) method for the assessment of road safety performance of 21 European countries based on 11 safety indicators. Then, they compared the results of SAW method by applying the AHP and fuzzy TOPSIS methods to show the suitable method for ranking the countries. Skorupski [26] proposed an approach based on MCDM in a fuzzy environment to solve the air traffic safety problem. In addition, in this study the objective and subjective criteria are considered in the procedure of the proposed approach.
The survey of the literature indicates that the previous studies for solving the safety problems did not sufficiently consider the MCDM or fuzzy MCDM methods in their fields from the safety point of view. Also, the classical fuzzy sets theory for defining the complex problems and developing the group decision-making methods simultaneously in the field of safety decision problems has received poor attention. In this study, a new group decision model with last aggregation is introduced based on hesitant fuzzy complex proportional assessment and compromise solution methods to safety evaluation in construction projects. For this purpose, a new version of the complex proportional assessment (COPRAS) method is presented based on the hesitant fuzzy sets (HFSs). Recently, the hesitant fuzzy sets theory has
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The survey of the literature shows that focusing on introducing and determining new criteria weights under uncertain conditions is limited. For instance, Torra and Narukawa [44] discussed about the weight selection methods regarding to weighted mean and ordered weighted averaging operators. Fan et al. [45] presented an optimization model to specify the weight of each criterion regarding to experts' fuzzy opinions and objective fuzzy decision matrixes. Wang and Parkan [46] prepared a general MCDM framework according to the subjective preferences and objective information to obtain weights of criteria under fuzzy conditions. Chen and Lee [47] developed a fuzzy AHP technique based on triangular fuzzy numbers for computing the attributes weights of professional conference organizer. Xu and Zhang [37] extended an optimization model according to the maximizing deviation method in order to obtain the weight of each criterion under both hesitant fuzzy and interval-valued hesitant fuzzy environments. In their study, a hybridized group decision-making technique was presented based on some steps to determine the weight of each criterion, and it was easy to use in comparing with the optimization model. Feng et al. [48] applied the TOPSIS method to solve the hesitant fuzzy MCDM problems, in which the weight of each attribute was completely known. Zhang et al. [32] prepared an objective weighting approach regarding to Shannon information entropy based on hesitant fuzzy information.
This paper tailors an extended weighting method based on entropy method and HFSs to determine the weight of each safety evaluation criterion. However, some significant contributions that are considered in this study are expressed in sums as follows: (1) Introducing a novel decision model in a hesitant fuzzy environment to decrease errors by a group of DMs or professional safety experts with last aggregation. The proposed model can express preferences and judgments of experts by some membership degrees for an object (i.e., evaluating project work system) versus the safety criteria; (2) Presenting a new version of the complex proportional assessment method to rank potential safety alternatives with last aggregation in order to decrease the loss of data; (3) Proposing an extended hesitant fuzzy entropy method to determine weights of safety criteria; and (4) Presenting a new version of hesitant fuzzy compromise solution method to specify the weight of each DM or professional safety expert. Moreover, the proposed hesitant fuzzy group decision model is applied to evaluate the construction project system problem in a real case study from the safety point of view in developing countries; also, an illustrative example is prepared to demonstrate the suitability and reliability of the presented approach in larger size safety problems.
The structure of this paper is organized as follows; the basic concepts and operations in the HFSs are illustrated in section 2. Then, the proposed decision model in hesitant fuzzy setting is presented in section 3. In section 4, a case study about the safety of the construction projects in developing countries is considered to demonstrate the verification and feasibility of the proposed approach. In addition, an illustrative example is provided to show the implementation of the proposed approach in large size safety problems. Finally, in section 5, some conclusions and future studies are provided to end the paper.
Preliminaries
In this section, some basic operations and concepts of HFSs are expressed to facilitate the proposing approach. In addition, the concept of interval-valued hesitant fuzzy sets and operations are defined to represent the counterparts of the proposed approach versus HFSs theory. 
Definition 6 [53] . The generalizations of summation and multiplication operators in Eqs. (5) and (6) are defined, respectively, as follows:
Definition 7 [54] . 
Definition 10 [55] . The interval-valued hesitant fuzzy weighted geometric (IVHFWG) relation is defined as follows: Definition 11 [56] . Let 
Also, the distance measure between them is as below: (22) where the jth largest value in ( , ) ( , ) 
Definition 12 [40] . The interval-valued hesitant fuzzy hamming and the interval-valued hesitant fuzzy Euclidean distance measures are represented, respectively, as follows:
where 
Definition 13 [57] . The hesitant fuzzy decision matrix Definition 15 [41] . Regard M and N as two interval-valued hesitant fuzzy sets on X. The componentwise ordering and the total ordering are represented as two types of ordering of interval-valued hesitant fuzzy sets, respectively, as follows:
where M h and N h are interval-valued hesitant fuzzy sets which represented as
respectively; also, 
Proposed new hesitant fuzzy group decision model
In this section, the proposed model is presented based on HFSs theory. Assume A i (i=1, 2, …, m) as alternatives, C j (j=1, 2, …, n) as criteria, and k represent the DMs' index (k=1, 2, …, K). In the following, steps of proposed new hesitant fuzzy group decision model based on new last aggregation complex proportional assessment and compromise solution methods are provided as below:
Step 1. Determine the most effective criteria, which describe the potential alternatives for the evaluation.
Step 2. Specify the hesitant fuzzy decision matrix (G ) from a committee of DMs as follows: 
where the k ij  is expressed that the preference value of kth DM for alternative i under the criterion j. The aforementioned decision matrix could be developed based on interval-valued hesitant fuzzy information by assigning some interval-values membership degrees according to definition 3 for potential candidates under each assessment criterion.
Step 3. Determine criteria' weights by applying the proposed hesitant fuzzy entropy method regarding to DMs' opinions. The proposed weighting approach for the assessment criteria is established based on two aspects. In the first aspect, the DMs' opinions for determining the criteria are considered in procedure of the proposed approach to reach an interactive solution. In the second aspect, the proposed hesitant fuzzy entropy method is manipulated to determine the weight of each criterion based on the dispersion concept. In fact, considering the both aspects could lead the results more reliable. The concept of proposed hesitant fuzzy entropy method is amount of uncertainty in case of hesitant fuzzy environment. The main aim of this proposed approach is that the criterion with higher dispersion has the higher relative significance. However, the process of the proposed hesitant fuzzy entropy method is expressed as follows:
Step 3.1. Aggregate DMs' judgments for rating alternatives and construct the aggregated hesitant fuzzy decision matrix and also aggregate DMs' opinions about relative importance of criteria ( j  ) for determining criteria' weights by utilizing the following relation based on definition 8:
where j  is the aggregated DMs' judgments about the relative importance of jth criterion. In the intervalvalued hesitant fuzzy environment, the DMs' opinions about the evaluating the potential candidates and the relative importance of criteria could be aggregated based on definition 9.
Step 3.2. Specify the dispersion index The aforementioned relation in the interval-valued hesitant fuzzy sets theory can be considered by upper and lower boundaries regarding to definition 5.
Step 3.3. Specify the hesitant fuzzy entropy ( j E ) for each criterion as follows:
Step 3.4. Specify the unreliability or the degree of deviation ( j d ) for each criterion as follows:
Step 3.5. Determine criteria' weights ( j w ) regarding judgments of the DMs.
Thus, the normalized weight of each criterion is determined based on aforementioned relation and Step 4. Specify DMs' weights by considering the proposed hesitant fuzzy compromise solution method. Also, this decision model is capable to develop based on interval-valued hesitant fuzzy information.
Step 4.1. Establish the weighted normalized hesitant fuzzy decision matrix ( k M ) for each DM. In addition, the normalized hesitant fuzzy decision matrix is obtained based on definition 13. (36) In addition, the decision matrix can be normalized based on definition 14 in an interval-valued hesitant fuzzy situation, and the normalized interval-valued hesitant fuzzy decision matrix can be established.
Step 
  (38) where the average of group decision matrix is calculated as follows:
Hence, in the case of interval-valued hesitant fuzzy sets, the upper and lower boundaries must be defined for positive ideal solution and negative ideal solution.
Step Euclidean distance measure which is provided in definition 11. In this respect, the hesitant fuzzy Euclidean distance measure is developed to n-dimensional hesitant fuzzy Euclidean distance measure as below:
Moreover, the separation measures can be calculated based on the interval-valued hesitant fuzzy Euclidean distance measure regarding to definition 12.
Step 4.4. Specify DMs' weights ( k  ) according to the relative closeness index.
The DMs' weights are achieved as lower and upper boundaries when the interval-valued hesitant fuzzy sets theory is applied in the proposed model. Moreover, top manager can determine weights of the DMs 
,
where l is number of positive criteria. It is supposed that in the hesitant fuzzy decision matrix, columns' firsts of all are placed by positive criteria and ones which negative criteria are placed after.
Step 6. Computing sums 
Step 7. Specify the smallest value of 
The relative importance weight of each potential alternative in the area of interval-valued hesitant fuzzy environment can be presented by lower and upper boundaries regarding to definition 7.
Step 9. Determine each i Q by utilizing the HFWG operator based on definition 8 as follows:
In the interval-valued hesitant fuzzy environment, the Step 10. Specify the utility degree ( Step 11. Rank the potential alternatives by decreasing sorting of the utility degrees values. In addition, to rank the utility degree in the interval-valued hesitant fuzzy environment, the component-wise ordering and the total ordering can be considered and presented according to definition 15.
Applications of the proposed model
In this section, the implementation of the proposed hesitant fuzzy group decision model is represented based on a real case study in developing countries. Moreover, an illustrative example is considered to show that the proposed model is reliable and suitable in larger size safety decision problems.
Case study: safety evaluation of construction-project work systems
The case study about the safety evaluation of construction-project work systems is taken from developing countries to indicate the suitability and feasibility of the proposed new hesitant fuzzy group decision model. In this complex safety decision problem, the safety management in construction industry in Iran is assessed about three alternatives as hydropower construction-project management (A 1 ), highway construction project management (A 2 ), and gas refinery construction-project management (A 3 ) as depicted in Figure 1 under five evaluation criteria (C i , j=1,2,…,5). To address this issue, three DMs as professional safety experts (DM k , k=1,2,3) that have a minimum of fifteen years of experience in the construction industry are considered to evaluate three projects work system/alternatives (A i , i=1,2,3) versus the five criteria. The first DM' risk preference is moderate, second one is pessimistic, and the third one is optimistic. The structure of the safety problem is depicted in Figure 2 . In addition, these criteria for the selection of safe construction project systems are described as follows:
 Construction personnel unsafe acts (C Tables 1 and 2 , respectively. In addition, this study considers the risk preferences for professional safety experts so that DM 1 is pessimistic; DM 2 is moderate; and DM 3 is optimistic. In this respect, the evaluation of alternatives among conflicted criteria is expressed by judgments (preferences) of the DMs with linguistic variables. This decision matrix is converted by the HFEs; the results are provided in Tables  3 and 4 . Also, weights of criteria as well as the evaluation of potential alternatives (i.e., construction project management) are determined. The importance of each criterion is defined by linguistic variables; then, these linguistic terms are transformed to the HFEs that are represented in Tables 5 and 6,  respectively. {Please insert Figure 2 here.} {Please insert Table 1 here.} {Please insert Table 2 here.} {Please insert Table 3 here.} {Please insert Table 4 here.} {Please insert Table 5 here.} {Please insert Table 6 here.} The weights of criteria are determined by proposed hesitant fuzzy-entropy method. In this regard, the hesitant fuzzy decision matrixes that are established by each DM are aggregated. In addition, the ij p matrix is constructed by utilizing Eq. (32) . Then, the degree of deviation/unreliability of each criterion is computed regarding to the hesitant fuzzy entropy method based on Eqs. (33) and (34) . Finally, the weight of each criterion is specified by applying the DMs' opinions about the relative importance of safety assessment criteria. The computational results are demonstrated in Table 7 . Also, the weight of each DM has been determined by proposed hesitant fuzzy compromise solution method. As a result, the hesitant fuzzy decision matrix for each DM is normalized based on definition 13. Then, the HF-PIS and HF-NIS are determined by utilizing Eqs. (37)- (40) . Then, the separation measures are calculated based on ndimensional hesitant fuzzy Euclidean distance measure. Finally, the DMs' weights are obtained from Eq. (43) . The results of the proposed hesitant fuzzy compromise solution method to determine the weight of each DM as professional safety expert are illustrated in Table 8. {Please insert Table 7 here.} {Please insert Table 8 here.} After computing the weights of criteria and DMs, this study considers the following steps to rank and select the best potential alternatives as safe construction-project work system. Thus, the sums of positive/negative criteria values ( Tables 9 and 10 ; hence, the relative significance weight of each alternative according to each DM is calculated by utilizing Eq. (47) and is shown in Table 11 . Finally, as indicated in Table 12 , this study aggregates the relative significance weights by applying the HFWG operator to determine the utility degree. In this respect, the potential alternatives are ranked and the construction projects work systems are selected based on decreasing sorting of utility degrees values.
The proposed new hesitant fuzzy group decision model is powerful and capable to cope with imprecise/uncertain conditions in the project safety management. It is because that the DMs as professional safety experts have assigned their preferences' values for an object under a set that make the decrease of errors. In addition, within group decision-making process, the DMs' opinions are aggregated in the last step to decrease the loss of information. Also, the presented model has applied weights of the DMs and criteria in the group decision-making process by three new versions of the complex proportional assessment, compromise solution and entropy methods under the hesitant fuzzy environment. As demonstrated in Table 12 , the third construction project is selected as the best project from the safety point of view among the potential alternatives in the project management versus the safety criteria for the evaluation. Moreover, to determine the validity of the proposed model, the case study is solved by Zhang and Wei [59] ' method which is an extension of the TOPSIS method under the hesitant fuzzy environment. As demonstrated in Table 12 , the same ranking results from comparing both decision methods are obtained. The computational results demonstrate that the proposed group decision model is worked appropriately. {Please insert Table 9 here.} {Please insert Table 10 here.} {Please insert Table 11 here.} {Please insert Table 12 here.}
Illustrative example: safety project selection problem
In this section, an illustrative example about the safety project selection problem is provided to show that the proposed hesitant fuzzy group decision model works properly for larger size safety decision problems. In this respect, eight candidate projects (P i , i=1, 2, ..,8) is evaluated under five conflicted criteria, including construction personnel unsafe acts (C 1 ), occupational health (C 2 ), technical performance measure (C 3 ), risk monitoring (C 4 ), and safety construction investment (C 5 ), based on the preferences of three DMs (DM k , k=1, 2, 3). The first and second DMs' risk preference is moderate and the third one is optimistic. In this regard, the hesitant fuzzy decision matrix and the relative importance of each criterion which are evaluated by the DMs are reported in Tables 13 and 14. {Please insert Table 13 here.} {Please insert Table 14 here.} The weight of each criterion is computed by applying the proposed hesitant fuzzy entropy method regarding to the DMs' opinions about the relative significance of criteria. Accordingly, the preferences of the DMs are aggregated based on Step 3.1, and then the final weight of each criterion is obtained regarding to the procedure of the proposed hesitant fuzzy entropy method. The results are reported in Table 15 . Moreover, the weight of three DMs is determined based on the proposed hesitant fuzzy compromise solution method. In this regard, the hesitant fuzzy decision matrix is established based on the DMs' judgments, and then the HF-PIS and HF-NIS matrixes are calculated based on step 4.2. Finally, the weight of each DM is obtained according to the relative closeness index and by computing the separation measures based on steps 4.3 and 4.4. The aforementioned results are given in Table 16 . {Please insert Table 15 here.} {Please insert Table 16 here.} In the following, the procedure of the proposed hesitant fuzzy complex proportional assessment method is considered to rank the candidate projects. However, the relative significance weight of each potential alternative is calculated based on step 8, and then each k i Q value is aggregated based on the HFWG operator according to the DMs' weights (Step 9). Finally, the utility degree for each potential candidate is determined based on step 10. The aforementioned results are provided in Tables 17 and 18, respectively. In addition, the illustrative example is solved by Zhang and Wei [59] ' method and then the same ranking results are observed based on both decision methods; these computational results approve the reliability and suitability of the proposed model in larger size safety problems. {Please insert Table 17 here.} {Please insert Table 18 here.} As indicated in Table 18 , same ranking results are obtained from both proposed model and Zhang and Wei [59] ' method. In this regard, the proposed model can perform appropriately because of some main merits and competencies that are considered in the process of the proposed hesitant fuzzy group decision model. Accordingly, in the proposed model a complex proportional assessment method is developed based on the last aggregation to reduce the data loss for the ranking process. In addition, the weights of each criterion and DM are obtained based on an extended hesitant fuzzy entropy method and a new version of hesitant fuzzy compromise solution method, respectively. Moreover, the risk preferences of the DMs are regarded in the procedure of evaluating the group decision-making problem to decrease the assessment error.
Conclusions and future studies
Safety is an important issue related to different projects in the construction industry that has linked pragmatically and conceptually. In this respect, this study has proposed a new decision model based on last aggregation to safety evaluation in construction projects with hesitant fuzzy setting under group decision analysis. In the proposed model, some decision makers (DMs) or professional safety experts have been provided to evaluate construction project systems as potential alternatives among the conflicting safety assessment criteria. However, because of some merits and features, the proposed hesitant fuzzy decision model is powerful rather than the classical fuzzy methods. In this regard, DMs' judgments have been expressed by hesitant linguistic terms that were transformed to hesitant fuzzy elements. Also, the DMs could assign their opinions by some membership degrees for an object among the safety criteria to decrease of errors. Opinions of the DMs have been aggregated in the final step of group decision process to reduce the loss of data. A new version of the complex proportional assessment method has been introduced to rank potential safety alternatives with the last aggregation to decrease the loss of data. Hence, weights of the DMs and criteria have been presented by the procedure of proposed two new versions of weighting methods based on hesitant fuzzy compromise solution and entropy methods. Then, a case study in developing countries has been presented about the evaluation of the construction project systems from the safety point of view to show the efficiency and suitability of the proposed hesitant fuzzy group decision model. In this problem, the gas refinery construction-project management has been selected as the safe project system among the candidate construction-project systems. In addition, an illustrative example was considered to indicate that the proposed approach can properly work in larger size safety problems. Moreover, the obtained results from the proposed model were compared with an extended hesitant fuzzy TOPSIS method from the recent literature to confirm the validity and applicability of the proposed model. For future studies, the interval-valued hesitant fuzzy sets as expressed in the process of the proposed model can be considered under uncertain conditions for the development. In complex situations, determining the exact membership degrees by DMs is difficult. Thus, the interval-valued hesitant fuzzy sets can help them to express their preferences and opinions by some interval values for an object under a set to reduce the errors. Indeed, the interval-valued hesitant fuzzy sets can be regarded in the procedure of the proposed ranking method and in the process of determining the weights of criteria as well as experts. Furthermore, the proposed approach in this study can be implemented and investigated for any type of decision-making problems, such as plant location selection, distribution center location selection, new product development assessment, general contractor selection, and construction project evaluation. Figure 1 . Potential alternatives in the real case study for the evaluation Figure 2 . The structure of safety evaluation problem in construction projects Table 1 . Linguistic variables for rating the importance of safety assessment criteria Table 2 . Linguistic variables for rating the possible alternatives Table 3 . Performance ratings of three project work system/alternatives in linguistic variables for the case study Table 4 . Performance ratings of three alternatives by the HFEs for the case study Table 5 . The preference decision makers' judgments about criteria' weights by linguistic terms for the case study Table 6 . The preference decision makers' judgments about criteria' weights by the HFEs for the case study Table 7 . Computational results of proposed hesitant fuzzy entropy method for estimating safety criteria' weights for the case study Table 8 . Computational results for determining the decision makers' weights for the case study Table 9 . The P i value regarding to each decision maker for the case study Table 10 . The R i value regarding to each decision maker for the case study Table 11 . Final Q i value regarding to each decision maker for the case study Table 12 . The utility degree and comparative analysis for the case study Table 13 . Performance ratings of three project work systems/alternatives in linguistic variables for illustrative example Table 14 . The preference decision makers' judgments about criteria' weights by linguistic terms for illustrative example Table 15 . Computational results of proposed hesitant fuzzy entropy method for computing safety criteria' weights for illustrative example Tables: Table 1 .
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